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Effects of nitrogen addition on nematode communities in the grazed and ungrazed

alpine meadows

QIN Tao, WEI Xue, REN Xiao, TANG Sisi, DAI Jianghui, MA Jinhao, WANG Yuying, WU Pengfei "
College of Grassland Resources, Southwest Minzu University, Chengdu 610041, China

Abstract: Soil nematodes are widely used as an indicator of the function and stability of terrestrial ecosystems. The
experiments were conducted in April 2021, Hongyuan county, Northwestern Sichuan to reveal the effects of nitrogen
addition on the ungrazed and grazed alpine meadows. The gradients of nitrogen additions included 0 g/m*, 20 g/m*, 40 g/
m’ and 60 g/m’. Soil nematode communities and soil properties were surveyed in September, 2021 and 2022. The resulis
showed that: (1) the taxonomic composition and trophic structure of soil nematode communities in the grazed and ungrazed
alpine meadows changed during the two continued years of nitrogen addition. (2) The nematode abundance was significantly
lower, while the taxonomical richness and Shannon index were significantly higher in the ungrazed than grazed alpine
meadows. The taxonomical richness and Shannon index significantly decreased in ungrazed, but significantly increased in
grazed alpine meadows with increasing year. (3) Two continued years of nitrogen addition significantly increased the
abundance of fungivores, but significantly decreased the abundance plant-parasites in the grazed and ungrazed alpine

meadows, leading to the dominant trophic groups shifted from the bacterivores and plant-parasites to the bacterivores and
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fungivores. (4) The basal index of nematodes was significantly lower, but the maturity index and structure index were
significantly higher in the ungrazed than the grazed alpine meadows. The basal index and channel index decreased
significantly, and enrichment index and structure index increased significantly with increasing year in the grazed alpine
meadows, with no significant changes observed for the ecological index of nematode communities with increasing year in the
ungrazed alpine meadows. The study shows that nitrogen addition can promote the nematode diversity and soil food web
stability in the grazed alpine meadows. Therefore, an appropriate amount of nitrogen fertilizer can be added to the grazed

alpine meadows.

Key Words: alpine meadows; grazing; nitrogen addition; soil nematodes; soil food web
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FTHER , A2 B b 3 1) 2 Ho R 7 2 s At A2 4
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Fig.1 Principal Component Analysis ( PCA) of soil nematode communities under different nitrogen fertilization gradients in the grazed and

ungrazed alpine meadows

NG : no-grazing; G;grazing;CK:Z:fffﬁHE No fertilization ; N ; &AL Nitrogen fertilizer; ThR 20,40,60;]‘1‘@HE§5:}‘%1J?9 20 .40 1 60g/m2 The amount of

fertilizer was 40 .60 and 120 g/m>
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Fig.2 The abundance, taxonomical richness, Shannon index and Pielou index of soil nematode communities across different nitrogen
gradients in the grazed and ungrazed alpine meadows

% P<0.05; %% 1 P<0.01; %% %  P<0.001 sns; P>0.05; A /NG 75 5 4 7% [l — 4 A AR ) 1 0 0 7 ) LB ) 22 5 638 ( P<0.05)

R1 TEEARETERSHUEN=EZEAZSHN

Tablel The results of three-way ANOVA on the abundance and diversity indices of soil nematode communities

it A x e i JtAE < AT B TEAE ik

EiER 1 T it A AEBR o o THBOAE bR HxAEFR
. . Fertilizationx Fertilizationx . o
Index Grazing Fertilization Year . GrazingX Year FertilizationX
Grazing Year K
GrazingXYear
5 Abundance 9.80"" 1.08"™ 0.29™ 0.76"™ 0.59™ 0.50™ 1.16™
KPEEL Taxonomical richness 51.36""" 3.56" 28.66 """ 2.29" 2.11™ 133.88 *** 1.83™
Shannon 54X Shannon index 18.57*** 4.73** 6.75" 2.04™ 1.86™ 63.53""" 1.69"™
Y51 B8 %L Pielou index 1.33™ 3.49" 0.02™ 2.47" 0.89™ 9.20"" 2.28"
# . P<0.05; ** . P<0.01; ** = ,P<0.001;ns;P>0.05
x2 TEEREERLBTERENEEN=ZREFESN
Table 2 The results of three-way ANOVA on the trophic groups of soil nematode communities
e . _ Jiti JE
HIRK N . fiEx i JE AT B N . .
IR etk e g OB IR g
Trophic . e . Fertilizationx Fertilizationx : o
Grazing Fertilization Year . GrazingXYear Fertilizationx
groups Grazing Year L.
GrazingXYear
W TG Ba 8.52%" 0.94™ 1.56™ 0.01™ 0.64™ 0.43™ 2.70™
Abundance  EIFLEZEH Fu 3.74" 1.33m 20.06*** 0.29™ 0.86™ 0.10™ 0.79™
AT PELE HL P 16.75*** 0.80"™ 26.27*** 1.07™ 1.43™ 9.48*** 0.73™
fEZEgd Om  2.21™ 1.22™ 5.86" 1.28"™ 1.33™ 0.19™ 0.53™
HAXFEE  EAMHEZH Ba 1.67™ 1.51™ 4.66* 2.64™ 1.66™ 0.47™ 4.27 %
Percentage X ELHZ H Fu 0.02 0.17™ 56.06 """ 0.14™ 0.74™ 0.92™ 2.60™
TR H P 1.59™ 0.74™ 31.77 %% 0.51™ 1.91™ 5.99* 0.67™
HEMELHR Om  21.06%"" 2.52™ 9.54"" 0.89™ 0.89™ 1.51™ 1.12™

Ba: B 4T £ M Bacterivore ; Fu: £ FLFH 28 H Fungivore; P1: HE & PEZE L Plant parasites; Om: 22 B -l 4k #1 Omnivores-predators; * : P<0.05;
#% . P<0.01; ##* % .P<0.001;ns:P>0.05
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Fig.3 The abundances and percentages of the trophic groups of the soil nematode across different nitrogen gradients in the grazed and

ungrazed alpine meadows
# 1 P<0.05; # % ; P<0.01; # %% : P<0.001 ;ns: P>0.05 ; A [l /NG 7 BE 7R [F] —A4F P[] A0 2R 14 AS [ 5 AL B 22 1) 22 5 1. 3% ( P<0.05)
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Fig.4 The ecological indices of soil nematode communities across different nitrogen gradients in the grazed and ungrazed alpine meadows
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MWC, 3R T 5.00%F1 4.70% . FCRCRE L, 7655 —HE P 4l L pH 252 328 B IE i) E 2R & |
BB 5.70% ;565 —HEF Gl L WC B FER R E BT 6.00%, HILATA 520 1 Lk dORETE 4 Al ) 3 22

MBS AP Fil WC,

F3 TEERETEHHN=ERHTELN

Table 3 The results of three-way ANOVA on the ecological indices of soil nematode communities

A ekt e B T R e
Ecological index Grazing  Fertilization Year Fertilizationx  Fertilizationx Grazingx Fertilizationx
Grazing Year Year GrazingXYear
FETNFE L Basal index 31.08*** 4.28** 19.04 *** 1.58™ 1.35™ 20.32%** 0.15™
TIEFEEL Channel index 0.85™ 3.68* 2.33™ 0.19™ 1.27" 8.30*" 1.61™
Eﬂiﬁfﬁfﬁi%%gﬁ 17.27** 2.48"™ 0.33™ 0.57™ 1.25™ 3.37™ 2.96*
E:ﬁmﬁjiiffﬁjf*gﬁ 0.06™ 5.08*" 1.21™ 1.87™ 2.00™ 2.10™ 2.48™
B HHEH Enrichment index 1.47™ 2.51™ 23.76*** 1.25™ 0.88™ 3.47m 0.64"
LEHIHEEL Structure index 29.99 *** 3.66" 5.58* 0.57™ 0.45™ 11.59 " 2.43™
# ;P<0.05; # % ;P<0.01; %% ;P<0.001 ;ns:P>0.05
R4 MEESEHAETEERELERN T EEL SR
Table 4 The soil properties across different nitrogen gradients in the grazed and ungrazed alpine meadows
TR S ok i

4b 3 so?;q f}gﬁ:}iic ﬁiﬁ A%a?ﬁfl}e Aﬂﬁrjﬁ: LR
Treatment pH carbon/ phosphorus/ potassium/ nitrogen/ Water

(¢/ke) (mg/kg) (mg/kg) (mg/ke) content/%
A5 No Grazing
CK 5.01+0.08 61.07+1.72 1.65+0.53 239.44+31.01 361.49+17.84 29.63+2.76
Ny 4.86+0.08 59.35+5.79 1.50+0.49 202.02+17.62 342.24+59.34 35.65+3.17
Nuo 4.99+0.08 55.67+7.72 1.940.59 179.21x17.43 340.42+34.66 27.80+2.68
Ngo 4.83+0.13 58.57+2.79 1.86+0.45 186.10+27.88 329.13+11.93 33.04+3.11
F 1.21 0.16 1.43 1.54 0.17 1.77
P 0.34 0.93 0.27 0.24 0.91 0.19
HCH Grazing
CK 5.01£0.11 55.66+4.32 1.900.47 226.37+44.44 362.88+35.79 28.03+2.53
Ny 4.99+0.06 55.21+5.82 1.31£0.18 202.20+42.57 329.50+31.35 30.59+1.94
N,o 4.85+0.16 49.78+5.49 1.63£0.14 156.07+24.17 341.46+42.78 30.61+4.63
Ngo 4.89+0.11 54.42+3.83 2.41+0.58 158.32+4.45 353.64+26.22 31.39+1.36
F 0.61 0.38 1.42 4.254 0.92" 0.32
P 0.62 0.77 0.28 0.24 0.82 0.81
LR 2 5 2553 Hr Two-way ANOVA
MEAE Fertilization
F 0.92 0.60 1.05 2.72 0.27 1.35
P 0.44 0.62 0.39 0.06 0.85 0.28
L Grazing
F 0.02 2.38 0.07 0.76 0.03 0.56
P 0.88 0.13 0.80 0.39 0.88 0.46
JiEAE XTEUAL FertilizationX Grazing
F 0.80 0.02 0.46 0.11 0.12 0.77
P 0.51 0.99 0.71 0.95 0.95 0.52

HAE S5 5
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Fig.5 Canonical correspondence analysis( CCA) on the relationships between soil nematode communities and environmental factors in the

grazed and ungrazed alpine meadows
SOC : T3 HLEK Soil organic carbon ; AK ; BEEA Available potassium;AN;ﬁJﬁ%ffL Available nitrogen;AP;Eiﬁﬁﬁ Available phosphorus PAR LN
LRFELHORER 7 s = AERELIEL LR

1.0

ZITInA S HraE R (38 5) R, BR MO Ml 8 2 0% B R SR BE A AR i 2 S IE AR G (P<
0.05) ;B F5 5 BEA IR B 2 B Al B4 UMD % B2 5 3 pH 2 835 1IEAHC (P<0.05 5 0.01) , JlCHck:
Hu A ZSHEEL 5] B R R R AR AR S S5 MR ORI 2% B A U 5 S A S A B E AR (P<
0.05) ; Shannon $8ECFIA 2] BEHE 25 148 pH & & 2 IE ARG (P<0.05 5% 0.001) .

®5 ITEGARFSRERFHSTEEAFTNER
Table 5 The correlation coefficients from multiple regression analyses on the relationships between soil nematode communities and
environmental factors
b fo 8 _ﬁmﬁffz. Eiﬁ@? JEI&%EF ﬁﬁifﬁ@’%& I E K
Grazing treatment Index pH Soil organic Available Avalla.ble AYallable Water
carbon phosphorus potassium nitrogen content

i R 0.63"
No grazing B 0.45*

A Rk U 0.47*

2 SIE R -0.60"

8 15 A 0.59*

FI PR 295 2 B BE 15 5 0.82** 0.51* -0.69"

T A He £ SRR R 15 8 0.79* 0.68"

B - AU 0.85"* 0.51* -0.74" 0.71"
T BT -0.60"
Grazing Shannon 54X 0.65* -0.47"

¥ AR 0.89%** 0.70"

Heah e %L -0.60 * 0.63*

ERLAEER 0.64" -0.74"

A B Bk UMD -0.59"

#* P<0.05; % P<0.01; %% P<0.001
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WA T S AR AR RIS T o JE ) 2 AR TR A T AR 4R o T 2 et b ot & B0
Jitl RN 2 B AR A A e b - MR i 2 B0 RS I ke £ H %) B T 2 0 Rl SR R TR R e A R
FHO, - HEABE AR T R AR AR MR AR TR AU ZREE Y BeAh, RS A ] R A XA T
(AR 2 26 ORETR . A WIFGE R, RS I ] B S/ AE 40 [ b 1 I i A R 1 B D ok £ PR
TR RENE' ) USRS 2k s 2R TR R R RS U N T R e A SRR A K, A A
F AR AR BRR  E SRR T v A (R AR R S M RS R AR AR R T AL T
I U B S R, T X - S Sh R A BRI T A S T A SR R D R 5
W T R YRR R A R T ek R

5T A K AR b 2022 4F N, A1 CK A MR HUBEVR IS BE O Shannon F8 410 KT Ny Al N kb
A3 A A TEAE AL A K B 3K S BRI S BRI 2 HU A A% 20 S R 2 I AT - S 4 o A R A
THSZM Y CK 5 N, et A K AR (3R 4) X 0T B2 BOZ A FRER s IE 2 RE MBI IR R 22
— o RIS K2 S A IR AT BESE M ST RE R AR T AR —E A ) S b
3.2 AR SRR T i AR X 2 R SRR AR IR

2022 A TICBORE Hb Y B LR 4 T 8 B RAFG 8 B I v T 2021 4R A B MR U FE R AR T % )
B EART 2021, FHER R 1 32228 IR I A 40 DA R £ 14 2 UG 708 Ay £ 200 1 R £ B T 2 L 3 I it 2L
JE T R ARK v FE ) - 3 ) A B MR R A S TR B R B R AR R T RE . S E R i EEE Yk
VR R A I 0 8 A T R R AR B AR — T T RE AR A A A A, AT PR AR S 2 TR 4
PR A SR A K B — D T, RN IR RERGE A YA W R R B AR R A D
HHZ YRR, i, il AR T BRI U4, Liang 62 BF 98 R0, o KOS U il
- SR T O X A PR R A S T AR AR EVR AR A s e, AR AR AR A AR AR ) %
BB R AP RIVE 2> i AR 5 ) L e P 4 AR 25 2k s i R ) Y e ) R HE SRR T (R
4) RN 75 5 A - S B 1 T, M XA PR A A i
3.3 ARMCS AR T Bt AT Xk T A S B R

F 5T K RO b - 3384 o () JE Rl 250t 2 5 T AR AR b, Z5 A 18 450 5 i el 2 (IR T AR Ol AR 52
55 AR b 2 it AT TR0 1 pR S, U T e 2 T R v JE R ) - I, D A TCHORE M Y SRl
BAEAERR W35 TR, B AR OS5 18 BO0E A B il 25 18 0 I A5 HORE b b JE B 2528 4k R W TBUBUR1F T i 2L
RAEAT S A MR et E MR B TIRESE . AR INE — R b SR A O b ) BRI
A F T RGO M AT Bedh, 8102504 2 BH ECHORE 1L B4 28 25 F 1 BORn SRl 45 50003 31 5
i i 20 k2 S O A DRI IR A OGO 2R T A 20 75 kI i S s 8 1 222 T e A 100 BH 7 AR 19 3 R
FE T ARE G I A A T H I M a e, e nr g0, ZE N PG At DX, BCHCR AR T B4 v SE ) AU
HAE 20 g/m* B X A Y AT ] RCPRORE M) 3 3 S SR AR R R B T R LMK 50, 2 B e U IE
SN B AR TS, AR FE R DA R SR A o i B A R g T i E RS R
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